Background: In Stockholm, type 2 diabetes (T2D) is a public health concern and much more prevalent in areas with a high proportion of foreign-born individuals. One in five individuals in Stockholm County are born outside of Sweden, and we therefore investigated if global region of birth was associated with diabetes risk, adjusting for established risk factors. Methods: Cross-sectional data from the population-based Stockholm Public Health Survey 2010 (N = 69 115) was combined with registry-based information on country of birth grouped into eight global geographical regions. Cases of T2D were identified through self-reported physician-diagnosed diabetes and age at diagnosis. Region of birth was the independent risk factor and multivariable logistic regression analysis was performed adjusting for the risk factors age, sex, weight status, educational level, multiple dietary factors, tobacco, alcohol and physical activity. Results: T2D prevalence was 5.1% in the sample. Relative to Swedishborn participants, higher odds ratio (OR) were found in those born in Asia [OR 3.2, 95% confidence interval (CI) 2.2-4.7], Sub-Saharan Africa (OR 2.5, 95% CI 1.5-4
Introduction
T ype 2 diabetes (T2D) is a major contributor to the global burden of disease. 1 It is a health problem intimately linked to obesity and to health-behaviours such as poor dietary habits and low physical activity. Diabetes affects 382 million people worldwide, corresponding to 8.3% of all adults, the vast majority of whom have T2D. It is estimated that 592 million ($10%) of the world's adult population will have diabetes in 2035.
2 T2D is a chronic disease that is caused by a complex interplay of genetic, epigenetic and environmental factors. 3 The incidence is highest in the Western Pacific region 4 and regional variations in prevalence suggest both genetic and environmental causes. To date, $120 genetic loci have been associated with T2D 3 and it is also clear that prevalence of variants that confer susceptibility vary across ethnicities. 5 In Sweden, the population prevalence of diagnosed T2D is around 5-6%, although under-diagnosis is believed to be a problem. 6 T2D prevalence is rising but still low by comparison internationally. 2 A major part of the increase in prevalence has been ascribed to an increasing prevalence of overweight and obesity in the population. 7, 8 Other factors that have been associated with increased risk for T2D, in addition to genetic factors 5 and obesity, include low socioeconomic position, 9 ,10 low educational level, 11 psycho-social stress, 12 smoking, 13 low or excessive alcohol consumption, 14, 15 low physical activity, 16 ,17 a diet low in fibre and high in saturated fat, sugar [18] [19] [20] and a diet high in processed meat. 21 Stockholm is the largest urban region in Sweden with a population of 2.2 million. It encompasses Stockholm city and the surrounding municipalities, and a relatively high percentage of the adult population, 23%, was foreign-born in 2015, according to Statistics Sweden. The prevalence of T2D in Stockholm is $5% among adults and is higher in men than in women. 7 Considering the reduction in quality of life and healthcare costs involved with T2D 22 identification of individuals at higher risk is of great importance to start preventative measures as early as possible. Disparities in T2D prevalence among ethnic minority groups born in different parts of the world resident in Europe have been reported, with Europeans experiencing the lowest risk. 23 Previous Swedish studies of groups of immigrants from specific countries also suggest that they are at greater risk of developing the disease than Swedish-born citizens. [24] [25] [26] To investigate if migrants from different parts of the world constitute an at-risk group for T2D, we examined the association between region of birth and risk of T2D in a large population-based study in Stockholm. In additional analyses, we adjusted for many established risk factors.
Methods

Study design
The data used for this analysis were of cross-sectional nature. The Stockholm Public Health Survey has been carried out every 4 years since 2002 and covers health, demographic, socioeconomic and lifestyle factors. 27 A new cohort is established every 4 years and followed over time. Data are collected by the Centre for Epidemiology and Community Medicine at the Stockholm County Council. Participants over the age of 18 are randomly selected from Stockholm's 39 municipalities and districts so that each area is equally represented in the sample. As the method of data collection was identical, we used all available cross-sectional data from the 2010 survey, comprising participants from the 2002 to 2006 cohorts re-surveyed in 2010 as well as those participating for the first time in 2010. The response rate for the 2010 survey was 56% for those contacted the first time, and the number of respondents was 71 972. Through a national personal identification number system, linkage with other national registries was possible.
Region of birth
Country of birth was obtained from Statistics Sweden's register and aggregated into eight global regions of birth based on a combination of group size and geography: Sweden, the Nordic region, Eastern Europe, Western/Southern Europe, Latin America, Sub-Saharan Africa, North Africa/the Middle East and Asia. Sweden was used as the reference region. Participants from the rest of the world comprised a small (N = 219) and diverse group and were excluded.
Diabetes cases
Cases of T2D were identified through the survey question: 'have you ever been diagnosed by a doctor as having diabetes?' The type was not specified, however, participants were asked for their age when diagnosed. As type 1 diabetes (T1D) is most commonly diagnosed in childhood, people who reported a diagnosis before 20 years of age were considered to have T1D and were excluded from the analysis. People who did not provide their age at diagnosis were also excluded.
Other risk factors
Age and sex were determined from the personal identification number. Weight status was classified by comparing body mass index (BMI), calculated as kg/m 2 from self-reported height and weight, to the following cut-offs: underweight (<18.5 kg/m 2 ), normal weight (18.5-24.9 kg/m 2 ), overweight (25-29.9 kg/m 2 ) and obese (!30 kg/m 2 ). Physical activity was assessed by questions regarding level of physical activity at work, average time spent on domestic chores, on sedentary activities, walking or cycling and exercising during the previous 12 months. A metabolic equivalent of task (MET) value for each domain was multiplied by time and summed to give a total of MET-minutes/week. This was then used to rank participants and create tertiles of physical activity: 'low', 'medium' and 'high'. Dietary habits were assessed via questions about the average frequency of consumption of selected food groups or foods during the previous 12 months, namely vegetables, fruit, chocolate and sweets, biscuits and cakes, fish as a main dish, sausage (a processed meat) and sugar-sweetened soft drinks. Responses were categorized by the authors as healthy or unhealthy according to the following cut-offs, based as closely as possible on Swedish food-based dietary guidelines: vegetables: healthy ! 2 times/day; fruit: healthy ! 2 times/day; sweet foods (the two questions on chocolate and sweets and biscuits and cakes were combined): healthy 2 times/week; fish: healthy ! 2 times/ week; sausage: healthy 1 time/week and sugar-sweetened soft drinks: healthy 1 time/week. Tobacco usage was assessed through questions on cigarette smoking and snus (Swedish smokeless tobacco product). For both, information on past and current use was used to classify participants as a never user, a former user or a current user. Alcohol consumption was measured by questions measuring the frequency and type of alcoholic beverages consumed, which was converted into grams per day, and participants were considered to have the following intakes: 'no alcohol', 'low' [0.1-15.4 g/day (women) or 0.1-24 g/day (men)], 'moderate' [15.5-50 g/day (women) or 24.1-60 g/day (men)] and 'high' [>50 g/day (women) or >60 g/day (men)]. Cutoffs were based on intakes shown in a meta-analysis to be associated with T2D risk 14 and on Swedish recommendations. 28 Educational level was self-reported and classified as up to 9 years of primary school, 2-3 years of secondary school and post-secondary or higher. Participants aged over 85, with probable T1D, with a BMI less of than 15 kg/m 2 , >50 kg/m 2 or unknown and without information on region of birth were excluded. The final sample size was 69 115 participants.
Statistical analysis
Following descriptive analysis of the sample, prevalence ratios of T2D by region of birth were calculated and adjusted for age and sex, using analysis of variance. The relationship between each risk factor, including region of birth, and T2D was explored separately using binary logistic regression. Finally, a full binary logistic regression model was built with region of birth as the independent risk factor and adjusting for the risk factors found to have a statistically significant relationship with T2D in the previous step, using the Enter method. All data were analyzed using SPSS Statistics for Windows version 22.0 (IBM Corp., Armonk, NY, USA), and all analyses were adjusted for age and sex.
Ethical considerations
All data collection was managed by Statistics Sweden. Participants gave informed consent for their national personal identification numbers to be used to link records. All participants remained anonymous and were identified only by a study-specific identification number. Ethical permission for use of the data was granted by the Stockholm Regional Ethical Review Board (DNR 2010/1879-31; DNR 2007/545-31).
Results
In this sample of 69 115 adults, 16.1% were born outside of Sweden. The prevalence of T2D in the sample was 5.1% (N = 3514). Descriptive statistics of the study participants are shown in table 1. The same table but stratified for region of birth is shown in Supplementary table S1 (available online). Unadjusted prevalence of T2D and prevalence adjusted for age and sex by region of birth (table 2) shows that the prevalence in participants born in SubSaharan Africa, North Africa/the Middle East and Asia is almost double that of Swedish-born.
Univariate analysis of risk factors and T2D
Participants born in the Nordic countries, Eastern Europe, Latin America, Sub-Saharan Africa, North Africa/the Middle East and Asia were at higher risk for T2D than Swedish-born participants, after adjustment for age and sex. Those born in Asia had the highest risk [odds ratio (OR) 3.1, 95% confidence interval (CI) 2.3-4.1] when compared with those born in Sweden (table 3) .
In univariate analysis, all the risk factors investigated were significantly associated with the risk of T2D. Education level was a strong predictor of T2D; those who only completed up to 9 years of primary school had a higher risk compared with those with postsecondary education (OR 1.9, 95% CI 1.7-2.0). Being obese was associated with the greatest risk for T2D of all assessed factors (OR 7.0, 95% CI 6.4-7.7). Current smoking was associated with an elevated risk (OR 1.4, 95% CI 1.2-1.6) as was snus use (OR 1.2, 95% CI 1.0-1.4). A moderate consumption of alcohol was associated with a lower risk (OR 0.47, 95% CI 0.42-0.52) than both no alcohol consumption (reference category, OR 1.0) and high intake (OR 0.71, 95% CI 0.57-0.89). Low physical activity was associated with a higher risk (OR 1.50, 95% CI 1.4-1.6). A low consumption of vegetables and fruit and high intakes of sweetened foods, sweetened drinks and fish were associated with a lower risk for T2D. High consumption of sausage (a processed meat) was associated with an increased risk (OR 1.4, 95% CI 1.3-1.5).
Multivariable analysis of risk factors and T2D
The result of the multivariable adjusted analysis shows that after adjustment for the additional risk factors, only the association for Sub-Saharan Africa, North Africa/the Middle East and Asia persisted, and with ORs ranging from 2.1 to 3.2 (table 3) compared with Sweden. Repeating the analysis using Backwards Least Likelihood Ratio method excluded the variables snus and fish but gave very similar results. We also repeated the analysis while including the number of years the participants born outside of Sweden had been living in the country as a covariate; no appreciable difference in the results was seen.
Discussion
The main finding of this study was that participants born in certain regions of the world, namely in Nordic countries (other than Sweden), Eastern Europe, Latin America, Africa, the Middle East and Asia all appeared to have a higher risk of developing T2D compared with participants born in Sweden, after adjusting for age and sex. This increased risk disappeared for in those born in Europe and in Latin America when the additional risk factors were adjusted for. In contrast, for participants born in Africa, the Middle East and Asia, the risk was still 2-3 times higher even after adjustment for all selected risk factors. The diabetes prevalence found in our study among different immigrant groups can be compared with the prevalence in their countries of origin. The International Diabetes Federation estimates the 2015 prevalence of diabetes (both types I and II combined) in adults aged 20-79 from North Africa and Middle Eastern countries to vary from <8% to >20%, in Southeast Asian countries from <7% to >10% and in SubSaharan African countries from <2% to 10%. These results are roughly in line with results in our study, and it is not possible to tell from these results if migration as such has changed the risk. Our results are in line with recent findings from Sweden where T2D risk in 1400 Iraqi immigrants, based on an oral glucose tolerance test, was compared with 750 Swedish-born participants in a cross-sectional study. 25 Here, being born in Iraq was a risk factor for T2D (OR 2.5) independently of all the risk factors used to calculate the Finnish Diabetes Risk Score (FDRS). 29 In our study, where we were able to adjust for half of the factors in the FDRS and adjusted additionally for smoking, alcohol, other dietary factors and education level, we found an OR of 2.3 for participants born in North Africa/the Middle East. Similar results were also found in a cross-sectional study in Norway of 4110 adults. Compared with participants born in Norway, the OR for T2D, adjusted for age, waist circumferences, body height, education and employment status was 2.9 for Turkish, and 2.7 for Vietnamese, participants. For Sri Lankan and Pakistani men, the OR was 3.0, and for women from these countries the OR was 8.0 and 8.3, respectively. 30 Our results are also in line with a recent meta-analysis concerning different ethnic minority groups residing in Europe from around the world, including 20 articles from the period 1994 to 2014. 23, [31] [32] [33] This study was based on a large representative population sample from the greater Stockholm area. Age was by far the strongest risk factor for T2D, followed by obesity, region of birth, low education, being male, low alcohol consumption, low physical activity, smoking and intake of processed meat. With the exception of some associations between T2D with diet (and with region of birth, although this has not been studied to the same extent), our results are in line with current knowledge about risk factors for T2D. 10, 12, 13, 16, [18] [19] [20] [21] In a cross-sectional study, such as this there is always a risk of reverse causation, where risk factors appear to be protective. This is particularly likely with regard to T2D and behavioural risk factors as newly diagnosed patients are counselled to improve their diet (with emphasis on avoiding sweet foods/drinks), to increase physical activity, to stop smoking and to lose weight. 34 We believe that this is the reason for the apparent anomaly of high intakes of vegetables and fruit and low intakes of sweetened foods and drinks appearing to be associated with a higher risk of T2D.
In agreement with the findings of others, including recent meta-analyses, 14, 15, 35 we found that moderate alcohol consumption (between 24 and 60 g/day for men and between 16 and 50 g/day for women) was associated with a lower risk of T2D. Howard et al. 15 found that moderate consumption (1-3 drinks/day) was associated with a 33-54% lower incidence of T2D, while >3 drinks/day were associated with a 43% higher incidence. Koppes et al. 35 summarized 19 prospective studies and also found a U-shaped relationship with cut-off values at 6 g/day, 7-48 g/day (30% risk reduction) and >48 g/ day (corresponding to 4 drinks/day). Finally, a systematic review by Baliunas et al.
14 found alcohol intake was most protective for men at 22 g/day, becoming deleterious at 60 g/day, and was protective at 24 g/day for women, becoming deleterious at 50 g/day. In our study, participants from Africa and Asia had the highest proportion of alcohol abstainers and also the highest risk for T2D. The general advice given in primary care in Sweden is to avoid 'risk consumption' of alcohol, which in Sweden is considered to be >15 g/ day for women (ca 9 drinks/week) and >24 g/day for men (ca 14 drinks/week). 28 As in other parts of the world, there has been a doubling in diabetes prevalence in Stockholm between 1990 and2010 from 2.8 to 4.6%, while the incidence rate has stabilized around 3-5 per 1000 person years after 2002. 7 This rise has taken place in parallel with a rise in obesity in Stockholm and the rest of Sweden, mainly among those under 55 years. 36 Weight gain in early adulthood (before the age of 40) appears to lead to a higher risk and an earlier onset of diabetes than comparative weight gain after 40, 37 emphasizing the need for obesity prevention at younger ages. Diabetes prevention should be a public health priority and effective programmes are available, especially for individuals with elevated risk. 38, 39 Stockholm County has an obesity action plan where prevention efforts are a high priority. 40 
Strengths and limitations
This study is the largest in Sweden so far to investigate the risk of T2D associated with country/region of birth and to adjust for so many known risk factors. The fact that all participants were living in the same geographical area (Stockholm County), limits the potential confounding effects of other macro-environmental factors like universal access to health care, environmental pollution and climate. The population sample is roughly representative, although less men than women participated and the proportion of immigrants (16%) was somewhat lower than in Stockholm County in 2010 (21%). This level of self-selection bias is unlikely to affect the generalizability of the results. The cross-sectional design is a clear limitation as it introduces the possibility of reverse causation regarding behavioural risk factors and obesity. However, for nonmodifiable risk factors, such as our primary predictor, region of birth, this is not an issue. Other limitations are the rather crude categorization of region of birth as well as the lack of information on parents' country of birth. This could have led to some dilution of effects, e.g. a person born outside of Sweden to Swedish-born parents or a Swedish-born person with non-Swedish parents. Furthermore, our measurement of diet was relatively crude and based on frequencies only and not quantities. The type of diabetes was based on self-reported age at diagnosis. We applied a cut-off of 20 years and this means that miss-classification of T1D as T2D, and vice versa, is possible but not likely to affect many cases. Reliance on self-reported physician-diagnosed diabetes probably means a considerable under-reporting of true T2D prevalence, which could be expected to have weakened the observed associations. Nevertheless, the estimates for the different risk factors found in this study are roughly of the same magnitude as those found in previous metaanalyses of prospective studies.
Conclusion
Participants from Asia, Africa and the Middle East were found to have a 2-to 3-fold elevated risk of T2D independent of other established risk factors compared with Swedish-born participants. Future studies should focus on showing to what degree this is due to genetic variants, epigenetic and/or environmental factors in prenatal/early life or unknown behavioural factors. Whatever the cause of the increased risk, it should be taken into consideration when allocating resources for T2D prevention, detection and care.
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Key points
This study is to date the largest to investigate the association of global region of birth with risk of T2D in Sweden while adjusting for multiple risk factors. Immigrants from Asia, Africa and the Middle East have a 2-to 3-fold elevated risk of T2D compared with Swedish-born adults, independent of multiple other established risk factors. This increased risk among many immigrant groups should be taken into consideration when allocating resources for T2D prevention, detection and care.
